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METHOD FOR DETECTING DEFECTIVE
PIXELS

The present invention relates to a method for detecting
defective pixels, a device able to detect defective pixels and
a system comprising said device. The mvention also relates
to a method for determining a reliability level of at least one
data 1tem output from an 1mage processing procedure using
the defective-pixel detection method.

Optronic systems are known, such as a photographic
apparatus, a video camera, binoculars, a telescope, a view-
finder or a gyro-stabilised ball (GSB) equipping an airborne
observation system. These optronic systems comprise
image-acquisition devices comprising at least one image
sensor able to acquire 1mages 1n various frequency ranges
such as a frequency range corresponding to Irequencies
perceptible to a human eye or a frequency range situated in
the infrared.

An 1mage sensor provides images in the form of a grnid of
pixels. An image sensor consists of a grid of active elements,
referred to as photosites, consisting for example of photo-
diodes, each photodiode being able to convert an incident
light beam 1nto an electrical signal. Each pixel of an image
corresponds to a photosite on the image sensor. Some
photosites of the image sensor frequently have a defect,
making this photosite unsuitable for providing a valid pixel
value. These defects may be manufacturing defects making,
these photosites definitively unable to provide valid pixel
values, or temporary defects occurring randomly. A manu-
facturing defect can be detected by a procedure of checking
the 1image sensors implemented following manufacture. An
image sensor comprising an excessively large number of
defective photosites, 1.e. providing an excessively great
number ol non-valid pixels, referred to as defective pixels,
per 1mage, 1s then rejected. An 1mage sensor having an
acceptable number of defective photosites, 1.e. providing an
acceptable number of defective pixels per image, 1s kept.
The position of each detfective pixel provided by a photosite
of the defective image sensor can then be listed. The
procedure for checking the sensors after manufacture 1s, on
the other hand, unsuited to temporary defects occurring
randomly since, by definition, these defects may arise at any
moment, including well after manufacture.

Moreover, optronic systems in general comprise one or
more 1mage processing modules that can be used by a
dedicated device or in soiftware form. Image processing
modules may offer many functionalities such as for example
a fTunctionality of improving a rendering of the images
acquired by the image sensor, a functionality of detecting
objects 1n one or more 1mages, or a functionality of follow-
ing objects 1 a sequence of successive 1mages. An image
processing module 1s then able to provide output data, such
as for example improved i1mages, coordinates of an object
detected, or a speed and direction of movement of an object
being followed. These output data may then be used for
display on a display device such as for example a screen, a
head-up display, a viewlinder eyepiece or a binocular eye-
piece, or smartglasses, and/or for saving in a storage device
and/or for triggering an alarm intended for an operator.

An eflective image-processing module must provide out-
put data having a high or even maximum level of reliability.
An output data item having a low reliability level may 1n fact
cause faulty interpretation of a content of an 1mage or an
unjustified alarm. The reliability level of output data of an
image-processing module depends greatly on the quality of
the 1mages to which the processing operations are applied.
The quality of an image depends on a plurality of factors,
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one of these factors being the number of defective pixels
contained 1n the image. It 1s therefore important, 1n order to
make each data item output from an optronic system reli-
able, to detect defective pixels so that the presence thereof
1s taken 1nto account by the 1image processing module.

Optronic systems comprising a module for detecting
defective pixels acting between an acquisition device and
image-processing module are known. A module for detect-
ing defective pixels 1s an image-processing module dedi-
cated to detection of defective pixels in an image. The
defective pixel detection module receives images from the
image acquisition device and supplies, to the 1mage-pro-
cessing module, mnformation representing defective pixels
detected 1n the 1mages. In this way, the 1mage-processing
module can take into account the defective pixels detected 1n
order to monitor the reliability level of the data output from
the 1mage processing module.

However, integrating a defective-pixel detection module
in an optronic system increases the manufacturing cost and
complexity of use of the optronic system. In addition, the
defective-pixel detection module and the image-processing
module generally use redundant procedures. For example, 1t
1s usual for each of the modules to have to implement a
procedure of running through pixels 1n an 1mage. Integrating
a defective-pixel detection module separate from the 1mage-
processing module does not make 1t possible to rationalise
the implementation of these redundant procedures and to
avoild implementing them 1n the two modules. For example,
the procedure for running through pixels of the image 1s
generally implemented firstly 1in the defective-pixel detec-
tion module and secondly 1n the 1image-processing module.

The objective of the ivention 1s to solve the problems
mentioned above. The mvention aims 1n particular to pro-
pose a method and device able to detect defective pixels, the
method creating synergy between a defective-pixel detection
module and the image-processing module. The invention
aims 1n particular for the results of procedures implemented
in the image-processing module to be able to be reused when
the defective pixel detection module 1s used so as to obtain
a reduction in the computing cost of using the defective-
pixel detection module. Moreover, the invention aims to
provide a method for determining or optimising a reliability
level of data output from the image-processing module using
the method able to detect defective pixels according to the
invention.

To this end, according to a first aspect of the present
invention, the present mmvention relates to a method for
detecting defective pixels included 1n an 1mage-processing
procedure comprising a pixel-processing procedure, the
pixel-processing procedure being applied to pixels of at least
one 1mage 1ssuing from an image sensor, each pixel corre-
sponding to an active element of the 1image sensor, referred
to as a photosite, able to convert an 1ncident light beam 1nto
an electrical signal, each pixel being associated with a
classification value representing a state of said pixel. The
method comprises the following step: applying a combined
pixel-processing and defective-pixel detection procedure to
cach pixel of an 1mage, comprising, for each pixel, applying
the pixel-processing procedure to said pixel; analysing a
result of the pixel-processing procedure; 1n the event of
obtaining an unusual result representing a defect on a
photosite of the image sensor that supplied said pixel,
incrementing a variable representing a number of detections
ol an unusual result for said pixel; and associating said pixel
with a classification value representing a defective pixel
when said variable reaches a first threshold representing a
maximum number of unusual results.
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In this way, the results of the pixel-processing procedure
are reused for detecting defective pixels.

According to one embodiment, the method 1s applied to a
sequence ol successive 1mages 1ssuing from the image
sensor and the first threshold 1s a maximum number of
unusual results acceptable over a period of time correspond-
ing to a number of 1mages equal to a second threshold.

According to one embodiment, when a pixel of a first
image 1s associated with a classification value representing
a defective pixel, said pixel is considered to be defective as
long as the pixel-processing procedure does not, for said
pixel, give a non-unusual result, not representing a defect on
a photosite of the image sensor that supplied said pixel,
during a period of time corresponding to a number of
successive 1mages equal to a third threshold.

In this way, 1t 1s ensured that a pixel 1s indeed 1n a stable
state before deciding that said pixel 1s no longer i a
defective state.

According to one embodiment, a procedure of periodic
re-initialisation to a classification value representing a non-
defective pixel 1s applied to the classification value associ-
ated with each pixel, the periodic re-mnitialisation taking
place with a predefined period corresponding to a number of
images equal to a fourth threshold.

According to a second aspect of the present invention, the
present invention relates to a method for determining a
reliability level of at least one data item output from an
image processing procedure, each output data item being
obtained from at least one result ol a pixel-processing
procedure 1included 1 the image-processing procedure. The
method comprises the following steps: applying the defec-
tive-pixel detection method according to the first aspect;
determining the reliability level of each output data item
according to the classification value associated with each
pixel involved 1n a result of the pixel-processing procedure
making it possible to obtain said output data 1tem.

According to one embodiment, the method further com-
prises, for each output data item, a step of deciding to use or
replace said output data item according to the reliability
level of said output data item, an output data item being used
for a display of said output data item and/or saving of said
output data item and/or triggering of an alarm corresponding
to said output data item.

According to a third aspect of the present invention, the
present invention relates to a device able to determine a
reliability level of a data item output from an image-
processing device comprising a pixel-processing module
able to process pixels of at least one 1mage issuing from an
image sensor, each pixel corresponding to an active element
of the image sensor, referred to as a photosite, able to
convert an incident light beam 1nto an electrical signal. The
device comprises the following means: means for obtaining
a result of a use of the pixel-processing module on a pixel;
means for i1dentifying an unusual result from the 1mage-
processing module, representing a defect on a photosite of
the 1mage sensor that supplied a pixel, means for increment-
ing a variable representing a number of unusual results
obtained for a pixel; means for associating a pixel with a
classification value representing a defective pixel when said
variable reaches a first threshold representing an acceptable
maximum number of unusual results; means for determinming,
the reliability level of each output data 1item according to the
classification value associated with each pixel involved 1n a
result of the pixel-processing procedure making it possible
to obtain said output data 1tem.

According to a fourth aspect of the present invention, the
present invention relates to an 1mage processing device
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comprising a pixel processing module able to process pixels
of at least one 1mage 1ssuing from an 1mage sensor and a
device according to the third aspect.

According to a fifth aspect of the present invention, the
present mvention relates to an optronic system comprising
an 1mage acquisition system provided with an 1image sensor,
an 1mage processing device according to the fourth aspect
and an 1mage-display and/or image-storage device.

According to a sixth aspect of the invention, the mnvention
relates to a computer program product, characterised in that
it contains instructions for the implementation, by a device,
of the method according the first aspect, when said program
1s executed by a processor of said device.

According to a seventh aspect of the imvention, the
invention relates to storage means, characterised 1n that they
store a computer program containing instructions for the
implementation, by a device, of the method according to the
first aspect when said program 1s executed by a processor of
said device.

The features of the invention mentioned above, as well as
others, will emerge more clearly from a reading of the
following description of an example embodiment, said
description being given in relation to the accompanying
drawings, among which:

FIG. 1 depicts schematically an example of a method used
by an image-processing module able to implement the
invention,

FIG. 2 depicts schematically an example of an image-
processing procedure able to implement the invention, used
by said 1mage-processing module,

FIG. 3A illustrates schematically an example of a com-
bined pixel-processing and defective-pixel detection proce-
dure included 1n the image-processing procedure able to
implement the invention,

FIG. 3B depicts schematically an example of a pixel-
classification procedure included in the image-processing
procedure able to implement the mvention,

FIG. 4 depicts schematically an example of a results-
synthesis procedure using the image-processing procedure
able to implement the mvention,

FIG. § depicts schematically an example an optronic
system comprising an i1mage-processing device able to
implement the nvention,

FIG. 6 illustrates schematically an example of hardware
architecture of a device able to implement the invention.
The description detailed below sets out to describe vari-
ous embodiments of the present invention 1n a context of an
optronic system able to acquire 1mages and to detect and
monitor objects in these 1mages. In this context, the mven-
tion allows 1n particular, when an object has been detected
and 1s followed by the image-processing module, to confirm
that this object 1s indeed a real object rather than an object
detected because of the presence of defective pixels. The
principles of the present mmvention do however apply 1n a
wider context of an optronic system comprising an 1mage-
acquisition device and an i1mage-processing module. For
example, the present invention applies to a photographic
apparatus, a video camera, a telescope and digital binocu-
lars. In this wider context, the invention offers an effective
solution enabling, for example, the optronic system to apply
a post processing to images in order to attenuate any
degradation caused by defective pixels 1n an 1mage.

FIG. 5 depicts schematically an example of an optronic
system 50 comprising an 1mage-processing device able to
implement the invention. The optronic system 30 comprises
an 1mage-acquisition device 51 comprising an 1mage sensor
510. Moreover, the optronic system 50 comprises an 1mage-
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processing module 52 and a display device 53. A commu-
nication bus 54 enables the image-acquisition device 51, the
image-processing module 52 and the display device 53 to
communicate. For example, the communication bus 54
enables the 1image-acquisition device 51 to supply 1images to
the 1mage-processing module 52. In addition, the commu-
nication bus 34 enables the image-processing module 52 to
supply output data to the display device 53, such as for
example 1mages including an object being followed, coor-
dinates of an object being followed or alarm messages
tollowing the detection of an object.

In the example 1 FIG. 5, the image-processing module 52
comprises a pixel-processing module 521, a defective-pixel
detection module 522 and an output-data processing module

523.

The pixel-processing module 521 1s able to apply at least
one processing to each pixel on the image supplied by the
image-acquisition device 51. The pixel-processing module
521 can for example apply the following processing opera-
tions to a pixel of an 1mage: filtering of the pixel to attenuate
or suppress any acquisition noise in the image; filtering of
the pixel to improve or detect contours of objects 1n the
image; application of an optical-tlow method for determin-
ing a movement of the pixel, a movement being defined for
example by a movement amplitude and/or a movement
direction and/or a movement speed.

As described hereinafter 1n relation to FIGS. 3A, 3B and
4, the defective-pixel detection module 522 is able to detect
defective pixels by relying on results from the pixel-pro-
cessing module 521 and attributing a classification value to
cach pixel according to the results of the detection. More-
over, the defective-pixel detection module 522 1s able to
determine a reliability level for each output data 1tem 1ssuing
from 1mage-processing procedures used by the image-pro-
cessing module 52 from the classification values of the
pixels. The output-data processing module 523 1s able to
apply a processing to the output data 1ssuing from 1mage-
processing procedures used by the image-processing module
52 according to the reliability level of each output data item.

Hereinafter we distinguish two types of output data:
output data, referred to as intermediate output data, 1ssuing
from 1mage-processing procedures used by the image-pro-
cessing module 52; output data, referred to as final output

data, 1ssuing from an application of a processing to the
intermediate output data items by the output data processing
module 523.

In one embodiment, the image-processing module 52, the
pixel-processing module 521, the defective-pixel detection
module 522 and the output-data processing module 323 are
software modules.

In one embodiment, the image-processing module 32 1s
used by a device, referred to as the image-processing device,
using the pixel-processing module 521, the defective-pixel
processing module 522 and the output-data processing mod-
ule 523.

In one embodiment, the image-processing module 52 1s
used by a device, referred to as the image-processing device,
comprising a device, referred to as the defective-pixel detec-
tion device, using the defective-pixel detection module 522,
the pixel-processing module 521 and the output-data pro-
cessing module 523 being used either by a device or by a
separate soltware module.

In one embodiment, the optronic device 50 further com-
prises a commumnication device (not shown) for communi-
cating the output data from the image-processing module 52
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to a distant device (not shown), and a storage device (not
shown) for storing the output data from the 1mage-process-
ing module 52.

In one embodiment, when the optronic system 50 1s able
to detect and follow objects, the 1mage processing module
52 further comprises an object detection and following
module (not shown) that uses results from the pixel-pro-
cessing module 521 to detect and follow objects 1n 1images.
For example, the object detection and following module
uses 1mages resulting from a filtering improving and/or
detecting contours 1n order to seek contours of objects 1n
said 1mages and to match objects 1n a plurality of successive
images. In addition, the object detection and monitoring
module uses movement imnformation associated with each
pixel obtained by the pixel-processing module 521 1n order
to determine movements of each object detected. The inter-
mediate output data are then the output data from the object
detection and monitoring module and consist of coordinates
of at least one detected object and movement information on
cach detected object.

FIG. 6 illustrates schematically an example of hardware
architecture of a device able to implement the 1mage-
processing method according to the invention. In the
example 1n FIG. 6, the hardware architecture 1s that of the
defective-pixel detection device. However, this example of
hardware architecture could also be that of the image-
processing device, when the 1mage-processing device does
not comprise any specific device dedicated to use of the
defective-pixel detection module 522 but has means for
using the defective-pixel detection module 522.

According to the example of hardware architecture shown
in FIG. 6, the defective-pixel detection device then com-
prises, connected by a communication bus 63: a processor or
CPU (central processing unit) 60; a random access memory
RAM 61, a read-only memory ROM 62, a storage unit such
as a hard disc HDD and/or a storage medium reader, such as
an SD (secure digital) card reader 63; at least one commu-
nication interface 64 enabling the defective-pixel detection
device to communicate with modules of the image-process-
ing device such as for example the pixel-processing module
521, the output-data processing module 523 and the object
detection and following module, when the latter 1s present.
The storage unit 63 can temporarily store intermediate
output data, for example the time for determining a reliabil-
ity level of each output data item.

The processor 60 1s capable of executing instructions
loaded 1n the RAM 61 from the ROM 62, from an external
memory (not shown), from a storage medium (such as an SD
card) or from a communication network. When the defec-
tive-pixel device 1s powered up, the processor 60 1s capable
of reading instructions from the RAM 61 and executing
them. These instructions form a computer program causing
the implementation, by the processor 60, of all or some of
the algorithms and steps described 1n relation to FIGS. 3A,
3B and 4.

All or some of the algorithms and steps described 1n
relation to FIGS. 3A, 3B and 4 can be implemented in
soltware form by the execution of a set of mstructions by a
programmable machine, for example a DSP (digital signal
processor) or a microcontroller, or be implemented 1n hard-
ware form by a device, a machine or a dedicated component,
for example an FPGA (field-programmable gate array) or an
ASIC (application-specific integrated circuit).

FIG. 1 shows schematically an example of a method used
by the 1mage-processing module 52.

In a step 10, the 1mage processing module 32 receives an
image, referred to as the current image, from the 1mage-
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acquisition device 51. When the image received 1s a first
image obtained atter the powering up of the optronic system,
the 1mage processing module 52 associates a plurality of
variables of each pixel and initialises these variables. The
plurality of variables comprise a first variable, which we call
the classification value, able to store a classification value of
a pixel. The classification value represents a state of the
photosite of the image sensor 510 that supplied said pixel.
As described hereinaftter, a pixel can be associated with three
classification values: a classification value called “good
pixel” indicating that the photosite of the image sensor 510
that supplied the pixel 1s functioning correctly and supplies
a valid pixel; a classification value called “defective pixel”
indicating that the photosite of the image sensor 510 that
supplied the pixel 1s defective and supplies a defective pixel;
a classification value called “first detection”, which 1s a
transient value indicating firstly that the pixel-processing
module 521 has just given a result, referred to as an unusual
result, for the pixel, and secondly that the photosite of the
image sensor 310 that supplied the pixel 1s defective and
supplies a defective pixel. When step 10 1s applied to the first
image, the classification value of each pixel i1s mitialised to
“o00d pixel”. Moreover, when step 10 1s applied to the first
image, a second variable N..** and a third variable N ixer
@y of said plurality, which 1s explained hereinafter 1n
relation to FIGS. 3A and 3B, are associated with each pixel
and are mitialised to the value “0”.

In a step 11, the 1image processing module 52 applies an
image-processing procedure, which 1s detailed hereinafter in
relation to FIGS. 3A and 3B, to the current image. During
the 1image-processing procedure, the variables 1n the plural-
ity ol variables associated with each pixel are updated.

The 1mage processing procedure also allows to obtain
intermediate output data. When the optronic system 50 is
able to acquire 1mages and to detect and follow objects 1n
these 1images, the intermediate output data are for example:
the pixels ol an 1mage i1ssuing from filterings intended to
attenuate an acquisition noise and/or to improve and/or
detect contours 1n 1images supplied by the image-acquisition
device 51; information representing a detected and followed
object, such as for example information representing a
position of the object 1n the 1mage, information representing,
an amplitude of movement of the object, information rep-
resenting a speed of movement of the object and information
representing a direction movement of the object. These
intermediate output data are supplied by the pixel-process-
ing module 521 and/or the object-detection and following
module included in the image-processing module.

In a step 12, the defective-pixel detection module 522 of
the 1mage-processing module 52 determines a reliability
level for each intermediate output data 1item 1n accordance
with an output-data synthesis method described 1n relation to
FIG. 4.

In a step 13, the output-data processing module 523 of the
image-processing module 52 applies a processing to the
intermediate output data according to their reliability level,
which allows to obtain final output data. In one embodiment
of step 13, the processing consists of deciding whether an
intermediate output data i1tem must be used or not. An
intermediate output data item that can be used becomes a
final output data 1item. For example, the decision may consist
of not transmaitting, to the display device 53 or to the storage
device, an intermediate output data item associated with a
reliability level below a predefined threshold. In one
embodiment of step 13, the processing consists of not
transmitting, to the display device 53 or to the storage
device, an intermediate output data item associated with a
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reliability level indicating that at least one defective pixel
has been used for obtaining said intermediate output data
item.

In one embodiment of step 13, the processing consists of
replacing the mtermediate output data item with a corrected
output data 1item, the corrected output data item being used
subsequently as the final output data item. If for example an
intermediate output data item 1s a filtered pixel value 1ssuing
from a defective pixel, the filtered pixel value 1ssuing from
a defective pixel may be replaced by a pixel value obtained
from valid pixels adjacent to the defective pixel.

In a step 14, following the processing of an 1mage, a value
of a vanable n, making 1t possible to count a number of
images processed by the image-processing module 52 is
incremented by one unit. In a step 15, the value of the
variable n, 1s compared with a re-mitialisation threshold
corresponding to a number of images N,. The number of
images N, allows to momitor a period of re-initialisation of
the classification value associated with each pixel. In this
way, a pixel supplied by a photosite of the image sensor 510
passing temporarily into a defective state can be associated
with the classification value “good pixel” when said photo-
site once again goes mto a correct functioning state. If the
variable n, 1s greater that the number of images N, step 135
1s Tollowed by a step 16 of periodic re-1nitialisation during
which the classification value associated with each pixel of
the current image 1s re-initialised to the value “good pixel”.
Moreover, during step 16, the variable N, and the
variable N, .. -, which 1s explained hereinafter in relation
to FIGS. 3A and 3B, are re-initialised to the value “0”. In a
step 17 following step 16, the variable n, takes the value “0”.
Step 17 1s followed by step 10, already explained, during
which a new 1mage 1s processed by the 1mage-processing
module 52. If the vanable n, 1s less than N,, the 1mage-
processing module 52 returns to step 10 1n order to process
a new 1mage.

In one embodiment, the number of 1mages N, takes the
value 25, corresponding to one second of a sequence of
images acquired with an 1image frequency of 25 1images per
second.

FIG. 2 depicts schematically an example of an image-
processing procedure able to implement the invention, used
by the 1mage-processing module 52. The image-processing
procedure corresponds to step 11. In a step 110, a variable x
and a variable y used for running through the pixels in the
current image are 1nitialised to the value “0”. The vanable x
1s a horizontal coordinate of a pixel. The variable v 15 a
vertical coordinate of a pixel.

In a step 111, a pixel situated at a position indicated by the
variables x and vy, called pixel(x,y), 1s processed by a
combined pixel-processing and defective-pixel detection
procedure that 1s explained heremnafter 1 relation to FIG.
3A. During the combined pixel-processing and defective-
pixel detection procedure, the classification value associated
with the pixel pixel(x,y) 1s modified, 1f necessary, according
to at least one result of implementation of at least one
pixel-processing procedure.

In a step 112, a pixel-classification procedure, which 1s
described hereinafter in relation to FIG. 3B, 1s applied by the
image-processing module 52. The classification procedure
allows to determine the classification value to be associated
with the pixel pixel(x,y).

In a step 113, the variable x 1s incremented by one unit.
In a step 114, the variable x 1s compared with a value L
representing a number of pixels in a row of the current
image. If the variable x 1s less than the value L, the
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image-processing module returns to step 111 1n order to
continue the processing of the current 1mage.

If the vaniable x 1s greater than or equal to the value L,
during a step 115 the variable x 1s set to the value*“0” and the
variable v 1s incremented by one unit 1n order to pass to a
following row i1n the current image. In a step 116, the
variable y 1s compared with a value H representing a number
of pixels per column of the current image. If the variable y
1s greater than the value H, the processing of the current
image ends during a step 117. If the variable y 1s lower than
the value H, the processing of the current image continues
during step 111.

FIG. 3A illustrates schematically an example of a com-
bined pixel-processing and defective-pixel detection proce-
dure included in the image-processing procedure able to
implement the invention. The combined pixel-processing
and defective-pixel detection procedure corresponds to step
111. The combined pixel-processing and defective-pixel
procedure 1s implemented conjointly by the pixel-processing,
module 521 and the defective-pixel detection module 522.

In a step 1110 the pixel-processing module 521 obtains a
pixel pixel(x,y).

In a step 1111, the pixel processing module 521 applies at
least one pixel-processing procedure to the pixel pixel(x,y).
For example the pixel-processing module 521 filters the
pixel pixel(X,y) in order to attenuate or eliminate any acqui-
sition noise in the current image and/or filters the pixel
pixel(x,v) in order to improve contours of objects i the
current 1mage and/or applies to the pixel pixel(x,y) an
optical-flow method for determining a movement of the
pixel.

In a step 1112, the defective-pixel detection module 522
analyses at least one result supplied by the pixel-processing
module 521 1n order to detect an unusual result. The
defective-pixel detection module 3522 therefore does not
implement any new processing operations on the current
image 1n order to determine whether a pixel 1s defective, but
uses results of processing operations implemented by the
pixel-processing module 521. In this way synergy 1s created
between the pixel-processing module 521 and the defective-
pixel detection module 522. This synergy allows to reduce
the computing cost of the detection of defective pixels.

An unusual result 1s a result that 1t 1s improbable to obtain
during a processing of a natural image. An unusual result
may therefore represent a defect on a photosite of the image
sensor that supplied the pixel pixel(x,y).

In the case of a filtering, an unusual result 1s a filtering
value obtained after filtering of the pixel pixel(x,y) that 1s
very different from {filtering values of pixels adjacent to the
pixel pixel(x,y). Let pixel(Xx,y) be the value obtained after
filtering of the pixel pixel(x,y). The detection of an unusual
result consists, for example, of comparing a difference
between the value pixel(X,y) and the filtered value of the
pixels adjacent to the pixel pixel(x,y) to within a predefined
difference threshold. When the difference 1s greater than the
predefined threshold, 1t 1s considered that the wvalue
pixel(x,y) is an unusual result. An adjacent pixel may be a
spatially adjacent pixel belonging to the current 1mage or a
temporally adjacent pixel situated at the same spatial posi-
tion as the pixel pixel(x,y) in a previous image.

In the case of a use of an optical-tlow method, an unusual
result consists of obtaining an immobile pixel, 1.¢. the pixel
pixel(x,y) 1s associated with movement information indicat-
ing that the pixel has no movement.

In one embodiment, a plurality of results of the pixel-
processing module 521 are combined in order to determine
whether, overall the pixel-processing module 522 has given
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an unusual result. For example, a result from the pixel-
processing module 522 1s considered to be unusual if the
pixel pixel(x,y) 1s associated with movement information
indicating that the pixel has no movement and that the value

pixel(x,y) is very different from the filtered values of the
pixels adjacent to the pixel pixel(x,y).

If no unusual result i1s detected, the combined pixel-
processing and defective-pixel detection procedure ends
during a step 1116, which 1s followed by step 112. The pixel
then keeps 1ts previous classification value.

If an unusual result 1s detected during step 1112, the
defective-pixel detection module 522, 1n a step 1113, incre-
ments the variable N, " associated with the pixel pixel(x
y) by one unit. The variable N, " is used to count a
number of detections of an unusual result for the pixel

pixel(x,y).

In a step 1114, the variable N, . is compared with an
unusual-result detection threshold N, representing a maxi-
mum allowable number of unusual results for a pixel beyond
which 1t 1s considered that the pixel 1s defective. By using
the variable N, .**” and the unusual result detection thresh-
old N, , the pixel-detection module 522 monitors a detection
reactiveness of the combined pixel-processing and defec-
tive-pixel detection procedure. A single detection of an
unusual result for a pixel does not necessarily mean that the
pixel 1s defective. This 1s because 1t 1s possible for the
current 1mage to supply pixel values leading to unusual
results even 1f no defective pixel 1s present in the current
image. On the other hand, the detection of a plurality of
unusual results for the same pixel on a number of 1mages
corresponding to a sufliciently long period of time has a very
high probability of having been caused by a defective
photosite of the image sensor 510. For example, a photosite
of the image sensor 310 producing pixels leading system-
atically to a filtering value very different from filtering
values of adjacent pixels on a plurality of images, has very
high chances of being defective. Likewise, a photosite of the
image sensor producing pixels that remain immobile over a
plurality of 1images, whereas pixels adjacent to these pixels
have a movement, can reasonably be considered to be
defective.

If for the pixel pixel(x,y) the variable N, . ™ is lower
than the unusual-result, detection threshold N,, the com-
bined pixel-processing a defective-pixel detection procedure
ends during step 1116, which 1s followed by step 112. The
pixel pixel(x,y) keeps the previous classification value.

If, on the other and, for the pixel pixel(x,y) the vanable
N, .** is higher than the unusual-result detection threshold
N,, during a step 1115 a variable S, ;. ., representing the
classification value associated with the pixel pixel(x,y) takes
the value “first detection™ indicating that the pixel pixel(x,y)
has just given an unusual value and that the photosite of the
image sensor 510 1s defective and 1s supplying a defective
pixel. Step 1115 1s followed by step 1116, already explained.

In one embodiment, the unusual result detection threshold
N, 1s a maximum acceptable number of successive detec-
tions of an unusual result for a pixel pixel(Xx,y).

In one embodiment the unusual-result detection threshold
N, takes the value “17, 1.e. a pixel pixel(x,y) 1s declared to
be defective if the defective-pixel detection module 522
detects an unusual result for the pixel pixel(x,y) 1n an 1mage.
This embodiment 1s highly reactive.

In one embodiment the unusual-result detection threshold
N, takes the value “167, 1.e. a pixel pixel(x,y) 1s declared
defective 11 the defective-pixel detection module 522 detects
16 unusual results for the pixel pixel(x,y) in 16 successive
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images. This embodiment allows to detect a defective pixel
with a low probability of error.

In one embodiment, the unusual-result detection threshold
N, 1s a maximum acceptable number of detections of an
unusual result for a pixel pixel(x,y) over a period of time
corresponding to a number of 1images N, equal to a thresh-
old. For example, the unusual-result detection threshold N,
takes the value “16” and the number of 1mages N, takes the
value “207, 1.e. a pixel pixel(x,y) 1s declared defective 1f the
defective-pixel detection module 522 detects 16 unusual
results for the pixel pixel(x,y) i a set of 20 successive
1mages.

FIG. 3B depicts schematically an example of a pixel-
classification procedure included in an 1mage-processing
procedure able to implement the invention. The classifica-
tion procedure 1s implemented by the defective-pixel detec-
tion module 522 and corresponds to step 112. The classifi-
cation procedure has two objectives: i1t allows firstly to
update the classification value of each defective pixel, and
secondly to monitor how much time a pixel corresponding
to a photosite of the image sensor 310 that has been detected
as defective must continue to be considered to be defective.
It 1s considered 1n fact that a photosite of the 1image sensor
510 that has been detected as defective has a high probabaility
of being in an unstable state. Consequently, even if no
unusual result has been found for a pixel corresponding to
this photosite of the image sensor 510, 1t 1s preferable to wait
for a certain number of 1images before considering that the
photosite of the 1mage sensor 510 1s once again functioning
correctly. The variable S, ;. . associated with the pixel
pixel(x,y) therefore does not take the value “good pixel” as
soon as an non-unusual result 1s obtained for the pixel
pixel(x,y), but waits until a non-unusual result 1s obtained
tor the pixel pixel(x,y) for a period of time corresponding to
a number of successive 1images equal to a threshold N,. In
one embodiment N,=N,.

In a step 1120, the defective-pixel detection module
checks the value of the variable S, ;. .. It the variable
S ixelrs 15 €qual to the value “first detection”, step 1120 is
tollowed by a step 1125 during which the variable N, .
takes the value of the threshold N;. The variable N, ;. .
allows to count how many times a processing performed on
the pixel pixel(x,y) by the pixel-processing module 521 has
given a non-unusual result.

In a step 1126, the defective-pixel detection module 522
sets the classification value S, ;. ., associated with the
pixel pixel(x,y) to the value “defective pixel”.

Step 1126 1s followed by a step 1127 that ends the
pixel-classification procedure and is followed by step 12.

If the vanable S, ;.. , 1s not equal to the value “first
detection”, step 1120 1s followed by a step 1121.

During a step 1121, the defective-pixel detection module
522 determines whether the variable S, ;.. . 1s equal to the
value “defective pixel”. A pixel associated with the classi-
fication value “defective pixel” during step 1121 is a pixel
for which a non-unusual result has been obtained for the
current 1mage, but supplied by a photosite of the image
sensor 310 for which at least one unusual result has been
obtained 1n an 1mage included in the N, images preceding
the current image. It the variable S , ;.. ., 1s not equal to the
value “defective pixel”, step 1121 1s followed by step 1127
already explained, which 1s followed by step 12.

It the variable S, ;. ., 1s equal to the value “defective
pixel”, step 1121 1s followed by step 1122, during which the
variable N, ;. ., 1s decremented by one unit.

In a step 1123, the vaniable N 1s compared with the

pixel(x,y)
value “0”. If the variable N, ;.. . 1s at the value “0”, the
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classification value S, ;.. ., 18 set to the value “good pixel”,
indicating that the photosite of the image sensor 510 that
supplied the pixel 1s considered to be functioning correctly.
Step 1124 1s followed by step 1127, which 1s followed by
step 12.

Step 1123 1s followed by step 1127 when the vaniable
N iverces 18 at the value “07.

FIG. 4 depicts schematically an example of a results-
synthesis procedure for implementing the image-processing,
procedure able to implement the invention. The results-
synthesis procedure for implementing the image-processing
procedure corresponds to step 12. During the results-syn-
thesis procedure for implementing the i1mage-processing
procedure, the defective-pixel detection module 522 deter-
mines a reliability level for each mtermediate output data
item of the image-processing module 352 according to the
classification value associated with each pixel involved 1n a
result of a pixel-processing procedure allowing to obtain
said intermediate output data item.

In a step 120, the defective-pixel detection module
obtains the classification value S, ;. . associated with
cach pixel pixel(x,y) of the current 1image. In a step 121, the
variables x and y used for travelling through the pixels of the
current 1image are initialised to the value “0”.

In a step 122, each intermediate output data item of the
image-processing module 52 1s initialised to a rehability
level equal to a maximum-rehability level C.

In a step 123 the defective-pixel detection module deter-
mines whether the pixel pixel(x,y) 1s associated with a
classification value equal to the value “defective pixel”.

If the pixel pixel(x,y) 1s associated with a classification
value equal to the value “defective pixel”, step 123 1s
followed by step 124.

During step 124, the defective-pixel detection module 522
runs through a set comprising each mtermediate output data
item obtained from a processing implemented by the 1mage-
processing module 52 1n order to determine the reliability
level of each intermediate output data item. For each inter-
mediate output data item, the defective-pixel detection mod-
ule 522 determines whether this mtermediate output data
item depends on the pixel pixel(X,y). If the intermediate
output data item depends on the pixel pixel(x,y), the reli-
ability level associated with this mtermediate output data
item 1s decreased for example by dividing it by two.

In one embodiment, the intermediate output data item 1s
a pixel 1ssuing from a filtering by the pixel-processing
module 521, referred to as a filtered pixel. The filtered pixel
1s generally obtained by the convolution of pixels of an
image 1ssuing from the image sensor with a convolution
kernel representing a filter. The convolution kernel 1s 1n
general a matrix with one or two dimensions. The convo-
lution 1nvolves the pixel to be filtered and pixels 1n the
vicinity of the pixel to be filtered. If, among the pixels
involved 1n the filtering, a pixel 1s considered to be defective,
the reliability level of the corresponding intermediate output
data item 1s reduced.

In one embodiment, when an intermediate output data
item comprises coordinates of an object being followed and
movement information on the object being followed, the
intermediate output data item 1s in general obtained by
combining movement information associated with pixels
contained 1n the object being followed, said information
having been obtained by the pixel-processing module 521.
If, among the combined movement information, at least one
item of information 1s associated with a defective pixel, the
reliability level of the corresponding intermediate output
data item 1s reduced.
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An mtermediate output data 1item associated with a reli-
ability level lower than the maximum reliability level C
indicates that at least one defective pixel has been used to
obtain the intermediate output data item.

Step 124, and step 123 when the variable S ;.. . 1s not
equal to the value “defective pixel”, are followed by steps
125 to 129 respectively 1dentical to steps 112 to 116.

The procedure for synthesising the results of implemen-
tation of the image-processing procedure then supplies inter-
mediate output data each associated with a reliability level
modulated by taking into account any dependency vis-a-vis
defective pixels. These intermediate output data are next
used during step 13 to determine final output data.

The 1nvention claimed 1s:

1. A method for detecting defective pixels included i an
Image-processing procedure comprising a pixel-processing
procedure, the pixel-processing procedure being applied to
pixels of at least one 1mage 1ssuing from an 1mage sensor,
cach pixel corresponding to an active element of the image
sensor, referred to as a photosite, able to convert an incident
light beam 1nto an electrical signal, each pixel being asso-
ciated with a classification value representing a state of said
pixel, wherein the method comprises:

applying a combined pixel-processing and defective-pixel

detection procedure to each pixel of an 1mage, com-

prising, for each pixel,

applying the pixel-processing procedure to said pixel,
the pixel-processing procedure supplying, when 1t 1s
applied to pixels of said image, pixels of said 1image
1ssuing from filterings intended to attenuate an acqui-
sition noise and/or to improve and/or detect contours
in said 1image and/or information representing an
object detected and followed in said 1mage;

analysing results of the filterings imtended to attenuate
the acquisition noise and/or to improve and/or detect
contours 1n said image and/or information represent-
ing object detected and followed in said 1mage
supplied by the pixel-processing procedure;

in the event of one of the results being an unusual result
representing a defect on a photosite of the image
sensor that supplied said pixel, incrementing a vari-
able representing a number of detections of an
unusual result for said pixel; and

associating said pixel with a classification value rep-
resenting a defective pixel when said variable
reaches a first threshold representing a maximum
number of unusual results.

2. The method according to claim 1, wherein the method
1s applied to a sequence of successive 1mages issuing from
the image sensor and 1n that the first threshold 1s a maximum
number of unusual results acceptable over a period of time
corresponding to a number of 1mages equal to a second
threshold.

3. The method according to claim 1, wherein, when a
pixel of a first image 1s associated with a classification value
representing a defective pixel, said pixel 1s considered to be
defective as long as the pixel-processing procedure does not,
for said pixel, give a non-unusual result, not representing a
defect on a photosite of the image sensor that supplied said
pixel, during a period of time corresponding to a number of
successive 1mages equal to a third threshold.

4. The method according to claim 1, wherein a procedure
ol periodic re-imitialisation to a classification value repre-
senting a non-defective pixel 1s applied to the classification
value associated with each pixel, the periodic re-nitialisa-
tion taking place with a predefined period corresponding to
a number of 1mages equal to a fourth threshold.
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5. A method for determining a reliability level of at least
one data item output from an 1image processing procedure,
cach output data 1tem being obtained from at least one result
of a pixel-processing procedure included in the i1mage-
processing procedure, wherein the method comprises:

applying the defective-pixel detection method according

to claim 1; and

determining the reliability level of each output data item

according to the classification value associated with
cach pixel mvolved 1n a result of the pixel-processing
procedure allowing to obtain said output data 1tem.
6. The method according to claim 5, wherein the method
turther comprises, for each output data item, deciding to use
or replace said output data item according to the rehiability
level of said output data item, an output data item being used
for a display of said output data item and/or saving of said
output data item and/or triggering of an alarm corresponding
to said output data 1tem.
7. A device able to detect defective pixels imncluded 1n an
image-processing device comprising a pixel-processing
module able to process pixels of at least one 1mage 1ssuing
from an 1mage sensor, each pixel corresponding to an active
clement of the 1image sensor, referred to as a photosite, able
to convert an incident light beam into an electrical signal,
wherein said device able to detect defective pixels and 1s
configured for:
obtaining a result of a use of the pixel-processing module
on a pixel, the pixel-processing procedure providing,
when 1t 1s applied to pixels of an 1image, pixels of said
image 1ssuing from filterings intended to attenuate an
acquisition noise and/or to improve and/or to detect
contours 1n said image and/or information representing
an object detected and followed 1n said image;

identifying an unusual result of the filterings intended to
attenuate the acquisition noise and/or to improve and/or
detect contours 1n said 1image and/or information rep-
resenting object detected and followed 1n said 1mage
from the image-processing module, representing a
defect on a photosite of the image sensor that supplied
a pixel;

incrementing a read variable representing a number of

unusual results obtained for a pixel; and

associating a pixel with a classification value representing,

a defective pixel when said variable reaches a first
threshold representing an acceptable maximum number
of unusual results.

8. An 1mage-processing device comprising a pixel-pro-
cessing module able to process pixels of at least one 1image
that come from an 1mage sensor and a device according to
claim 7.

9. An optronic system comprising an image-acquisition
system provided with an 1mage sensor, an 1image-processing,
device according to claim 8 and an image-display and/or
image-storage device.

10. A non transitory readable medium containing com-
puter mstructions that, when executed by a device, performs
the method according to claim 1 by a processor of said
device.

11. A storage unit, wherein 1t stores a computer program
containing instructions for the implementation, by a device,
of the method according to claim 1 when said program 1s
executed by a processor of said device.

12. A method for detecting defective pixels included 1n an
image-processing procedure comprising a pixel-processing
procedure, the pixel-processing procedure being applied to
pixels of at least one 1image 1ssuing from an 1mage sensor,
cach pixel corresponding to an active element of the image
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sensor, referred to as a photosite, able to convert an incident
light beam 1nto an electrical signal, each pixel being asso-
ciated with a classification value representing a state of said
pixel, wherein the method comprises:
applying a combined pixel-processing and defective-pixel
detection procedure to each pixel of an 1mage, com-
prising, for each pixel,
applying the pixel-processing procedure to said pixel,
the pixel-processing procedure supplying, when it 1s
applied to pixels of said image, pixels of said image
1ssuing from filterings intended to attenuate an acqui-
sition noise and/or to improve and/or detect contours
in said 1mage and/or information representing an
object detected and followed in said 1mage;

analysing a result supplied by the pixel-processing
procedure;

in the event of obtaining an unusual result representing
a defect on a photosite of the image sensor that
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supplied said pixel, incrementing a variable repre-
senting a number of detections of an unusual result
for said pixel; and

associating said pixel with a classification value rep-
resenting a defective pixel when said wvariable

reaches a first threshold representing a maximum
number of unusual results,

wherein, when a pixel of a first image 1s associated with

a classification value representing a defective pixel,
said pixel 1s considered to be defective as long as the
pixel-processing procedure does not, for said pixel,
give a non-unusual result, not representing a defect on
a photosite of the image sensor that supplied said pixel,
during a period of time corresponding to a number of
successive 1mages equal to a third threshold.

¥ K H oK ¥



	Front Page
	Drawings
	Specification
	Claims

